ABSTRACT: Aspects of the stability of a community of invertebrate epifauna associated with the large brown alga Sdrgassum fjssjfolium were investigated on a fringing, mixed coral/algal reef in Australia. In 2 field experiments S. fissifolium plants were defaunated using fresh water and subsequent recolonisation by mobile invertebrates was monitored over time scales of 0 to 6 and 0 to 28 d. together with unmanipulated controls. In both expenments recolonisation was very rapid, with some individuals of most common taxa present within 6 h of defaunation. Multivariate statistics showed that the system displayed high elasticity and amplitude, re-establishment of epifaunal communities indistinguishable from controls occurring within approximately 2 wk. This was against a dynamic background wherein control conununities exhibited little short-term vanation (within 6 d ) but showed much greater changes in abundance and composition over a longer time-scale (28 d). Different taxa generally showed one of 2 distinct recolonisation patterns: (1) 'monotonic' or 'asymptotic' where abundance increased steadily until control levels were attained and (2) 'overshoot' where abundance increased rapidly, p e a h n g at levels significantly higher than control levels before returning to control levels. These data demonstrate that this tropical epifaunal community has the ability to recover rapidly from short-duration, highmagnitude disturbance episodes.
INTRODUCTION
How stable are natural communities? This question is of fundamental importance in understanding the role of disturbance in structuring communities (Pickett & White 1985 , Karlson & Hurd 1993 . The stability of a system depends upon its resistance to perturbation and its adjustment stability -the amplitude of perturbation from which it can recover and the rate of recovery, usually known as the elasticity of the system (Connell & Sousa 1983) . Highly stable communities can have high resistance to perturbation, high adjustment stability or both. The stability of a community can be evaluated by its response to experimental perturbation (e.g. Smedes & Hurd 1981 , Farrell 1988 .
Macroalgae and seagrasses support large populations of mobile invertebrates which may be subject to periodic disturbances of some magnitude, often as a result of bad weather (e.g. Fenwick 1976 , Dean & Connell 1987 . However, such communities normally display predictable cycles of abundance (Edgar 1983a , Arrontes & Anadon 1990 , Martin-Smith in press) implying high community stability. Whilst epifaunal populations have been shown to rapidly colonise defaunated substrata (Gunnill 1982 , Edgar 1983b , Stoner 1985 , Virnstein & Curran 1986 ), this has not usually been set against the dynamic background of changes in unmanipulated communities (Smedes & Hurd 1981 , Karlson & Hurd 1993 . Furthermore, such studies have almost invariably been carried out in northern hemisphere temperate or subtropical areas (but see Stoner 1985) where the frequency and intensity of disturbance may be very different to that in the tropics (Pickett & White 1985) .
Thus, the primary aim of this study was to investigate the elasticity and amplitude of a community of epi-fauna in the tropics following a single large perturbation event, i.e. complete defaunation. The system investigated was the community of epifauna inhabiting a species of Sargassum on a fringing reef in Australia. Species of Sargassum are found on fringing reefs in many parts of the world including Hawaii (De Wreede 1976) , the Philippines (Ang 1985) and Australia (Price 1989 ) and may be dominant in terms of cover and/or biomass. These beds are comparable to beds of fucalean or laminarian algae in temperate regions (Gunnill 1982 , Edgar 1983a ) allowing tropicaltemperate comparisons to be drawn.
A secondary consideration is that although longterm seasonal patterns of variation in abundance of epifauna inhabiting macrophytes have been documented (Nelson et al. 1982 , Edgar 1983a , Gunnill1983, Arrontes & Anadon 1990 ), fluctuations in abundance over the time scales of hours to weeks have received I;++I ..,~,e a::eii:ion. If ihese cilclnges in abundance are ot large magnitude then spurious seasonal patterns may be detected or valid phenological data obscured by unpredictable short-term changes. Thus, a necessary prerequisite for the validation of seasonal abundance patterns is an estimate of the magnitude and predictability of changes at smaller spatial scales -hours, days and weeks (Wiens 1989) . Monitoring of unmanipulated plants over the course of recolonisation experiments provided data to complement the predictable seasonal changes in abundance and composition of epifauna already documented at Magnetic Island (Martin-Smith in press).
METHODS
Description of study site. This work was carried out at Geoffrey Bay, Magnetic Island, Queensland, Australia (19" 10' S, 146" 50' E) . The island, about 7 km from the mainland, has extensive fringing reefs which support a community of mixed macroalgae and scleractinian corals (Morrissey 1980) . The dominant macroalgae are Sargassum spp. which occur in large, mixedspecies stands on hard substrata (coral rubble or moribund areas of living coral). Of the 8 species of Sargassum which occur around the island, 3 are found at the study depth of 3 to 5 m below mean sea level and the following experiments were performed on only one species, S. fissifolium.
Recolonisation experiments. The short-term dynamics of local populations of mobile epifauna were investigated following experimental defaunation of Sargassum fissifolium. Two experiments were performedExpt 1 was run over a short time scale (0 to 6 d) and Expt 2 was run over a longer time scale (0 to 28 d) (for experimental design see Table 1 ). However the (Gunnill 1982) and were then held in buckets of seawater pending reattachment to the substratum. Six plants were placed in plastic bags for examination in the laboratory to test the efficacy of the defaunation method. For replacement on the substratum, plants were tied on to 40 X 25 X 15 cm plastic mesh baskets near their holdfasts using plastic-coated wire. Six plants were attached to each basket which was then placed in the area from where the plants had initially been taken. At each collection time experimental plants were selected randomly. Unmanipulated control plants were taken haphazardly from the same area at the same time.
Times of sampling and number of individuals sampled in both experiments are given in Table 1 . Abundance of 5 taxa (gammarid amphipods, total isopods, decapods, polychaetes and gastropods) were enumerated in Expt 1 while abundance of 10 taxa (gammarid and caprellid amphipods, sphaeromatid and other isopods, tanaids, cumaceans, decapods, polychaetes, gastropods and anemones) were enumerated in Expt 2. Die1 changes in epifaunal abundance. The sampling protocol from Expt 1 demanded that 6 and 12 h samples were taken during darkness (21:OO and 03:OO h, see Table 1 ). It is known that abundance of some epifauna1 organisms can vary markedly between day and night (Livingston 1976 , Greening & Livingston 1982 , Edgar 1983b ) and this is a potential source of variation in abundance over time. To ascertain the magnitude of this effect samples of epifauna were taken from 9 Sargassum fissifolium plants at 15:00, 21:00, 03:OO and 09:OO h on 18-19 March 1991. It is also known that crustaceans from the reef cryptofauna can emerge at night into the water column (Alldredge & King 1977 , McWilliams et al. 1981 , Jacoby & Greenwood 1988 ) --if these individuals were inadvertently sampled with S. fissifolium plants, this could again produce variations in abundance not directly related to the experimental procedure. Emergence traps were used to determine the abundance and composition of this fauna. Three data from the die1 sampling procedure were analysed tetrahedral plastic emergence traps (see Alldredge & with a l-way ANOVA with fixed factor time followed by King 1977), each with a basal area of 0.25 m-', were a post-hoc Student-Newman-Keuls test if a significant deployed on each of the nights of 15 to 17 December result was found. Abundance data from emergence 1991 (one over an area of bare substratum, the other traps from all 3 nights were combined and standardised two over substratum with attached S, fissifolium). The to 'per plant' values (since emergence traps covered an traps were deployed between 16:30 and 17:30 h and area containing more than 1 plant). retrieved the next morning between 08:30 and 09:30 h. Three samples of epifauna from S. fissifolium were taken concurrently upon retrieval of traps for compari-RESULTS son with the epifauna found in the traps.
Sampling of epifauna. All Sargassum fissifolium
The MANOVA for Expt 1 showed significant effects plants sampled were of approximately the same size, of time, treatment and the interaction between them namely 25 to 35 cm high and 60 to 120 g wet wt. Each (Pillai's Trace, p < 0.001). Thus CDA was used to visuplant was collected by placing a large plastic bag over alise the processes involved at the community level. it which was held closed while the holdfast was Plots of the first 2 canonical axes (representing 74.5 removed from the substratum. The plastic bag had an and 10.2% of the total sample variation) showed clear attached 'cod end' covered with 200 pm plankton mesh separation between control and defaunated treatments to allow water to drain out when removed from the sea.
( Fig. 1A ). The greatest variation was shown along Most of the epifauna was removed immediately after sampling by repeated washings of Canonical axis 2 the plant in seawater, the epifauna being ..----ise numbers of epifauna to unit wet weight of plant. Analysis of data. Both univariate and multivariate analyses were performed on abundance data from recolonisation experiments. The multivariate abundance data from both experiments were log(x+l) transformed to homogenise their variances (Hurlburt & White 1993 ) and were subsequently analysed using a 2-way MANOVA with treatment (control or defaunated) and time (time since start of experiment) as fixed factors. To examine the patterns at the entire community level a canonical discriminant analysis (CDA) was performed on the data set for each experiment. This procedure allows multivariate data to be visualised in a reduced set of dimensions determined by the perpendicular axes of best fit through the group centroids, standardised to the within-group variances. Univariate plots of untransformed data were used to show the recolonisation patterns of individual taxa and the data for particular time points were tested, where appropriate, with post-hoc sequential Bonferroni tests (Rice 1989 (Fig. 1B) . The comparison of the 2 treatments was complicated by the directional movement exhibited by the control communities over the 4 wk of the experiment. Control communities for 0, 1 and 2 d were clustered together but changes in abundance of various taxa led to separation between the 14, 21 and 28 d communities.
Within the multivariate community response there were at least 2 distinct single species patterns (Figs. 2 to 4) . The first type of recolonisation pattern (Type I) was that of steadily increasing abundance from the time of defaunation until control levels were attained -'asymptotic' or 'monotonic' coionisation. This was shown by gammarids ( Fig. 2A, B) and polychaetes (Fig. 3A, B) in both experiments and by sphaeromatids (Fig. 2D) , gastropods (Fig. 3D) , tanaids (Fig. 4A) , cumaceans (Fig. 4C) , other isopods ( Fig. 4D) and anemones (Fig. 4E) in the second experiment. The second type of pattern (Type 11) involved rapid colonisation initially, with abundance of the taxon increasing to significantly higher levels than controls colonisation. This response was canonical axis 1, wherein large positive values represented high abundance of gammarids, isopods, polychaetes and gastropods (shown by the bi-plot in Fig. 1A ). Control communities were very similar to each other over the 6 d course of the experiment, the CDA means for each time point clustering closely together, while the defaunated communities showed a directional shift over the course of the experiment along canonical axis 1 as abundance of all taxa increased (Figs. 2 & 3) . MANOVA of the data from Expt 2 also showed significant effects of time, treatment and their interaction (Pillai's Trace, p < 0.001). Once again, CDA plots of the first 2 canonical variables (representing 51.3 and 16.9% of total sample variation) showed separation between control and defaunated treatments initially shown by sphaeromatid isopods in Expt 1 (Fig. 2C ) and by decapods (Fig. 2F) and caprellids (Fig. 4B) in Expt 2. Sequential Bonferroni tests showed that abundance for each of these taxa at overshoot was significantly higher than the control value (p < 0.05). High variability in abundance of decapods in Expt 1 (Fig 2E) and gastropods in Expt 2 (Fig. 3D) prevented the designation of these patterns as either Type I or Type 11. A summary of the single species colonisation patterns is given in Table 2 .
There were no significant differences in abundance of the 4 most abundant taxa, gammarids, sphaeromatids, polychaetes and gastropods at different times of day (Fig. 5, Table 3 ). Significantly more cumaceans and decapods were caught at night than during the day and there were greater numbers at 03:OO h than at 21:00 h (Fig. 5, Table 3 ). Very few individuals of epi- adjustment stability, amplitude and elasticity, were high in this system. If formation of a persistent, alternative state (Connell & Sousa 1983 , Paine et al. 1985 -however, in this study the fauna1 taxa were captured in emergence traps, the community of epifauna on defaunated plants returned only exception being decapods (Fig. 6 ). Gammarids to one indistinguishable from that on unmanipulated and polychaetes were found in emergence traps at plants (Fig. 1) . Similarly, if the elasticity of the system is approximately 10 to 20% of their abundance on Sarlow, then recovery from perturbation will take a long gassum fissifolium plants and there was no significant time -communities on defaunated and unmanipudifference in abundance between traps over S. fissilated plants were not significantly different from each folium or bare substratum. In contrast, abundance of other from 2 wk onwards (Fig. 1) . The value of measurdecapods from traps over bare substratum were ing changes following perturbation relative to changes approximately equal to abundance on S. fissifolium in unperturbed communities as urged by Karlson & and twice this level in traps over substratum with Hurd (1993) is clearly demonstrated in the current attached S. Eissifolium. study. Communities of epifauna on both defaunated Very little manipulative work has been performed on the epifauna of macroalgae in the tropics, the sole comparable study 100 found being that of Stoner (1985) . Rates of colonisation
were high in Stoner (1985) -6 species of crustacean caridean shrimp, with most taxa he investigated (amphipods, shrimps, gastropods) showing >25 % turnover in populations in 6 h. Although data are limited, it appears that both tropical and temperate epifaunal communities have high adjustment stability to disturbance but further work is needed to determine causes and mechanisms.
Effects of temporal scale on abundance changes
In addition to providing information about the stability of the epifaunal community on Sargassum fissifolium, examination of data from unmanipulated plants can be used to assess the effect of temporal scale on the sampling of epifauna. The only way of determining seasonal patterns of abundance is by sampling repeatedly for a period of 2+ yr. However, this data must be validated by some estimation of the magnitude of temporal variability across the sampling period, in order to separate out the potentially confounding effects of random fluctuations. If seasonal patterns are determined by monthly sampling on a single day, as was the case for epifauna at Magnetic Island (MartinSmith in press), then it is necessary to know the day-today variability in abundance. Wiens (1989) identified this concept and has called for a 'multiscale perspective' to be adopted by ecologists in order to identify patterns and domains within observational data sets.
Data from unmanipulated communities in both recolonisation experiments showed these communities changed little over the temporal scale of hours-days. In Expt 1 all samples taken 96 h or less apart were not significantly different to each other, despite differences in time of day and tide (Fig. 1A) . The same pattern was true for Expt 2 -unmanipulated samples at Days 0, 1 and 2 were not significantly different (Fig. 1B) . Similarly, samples taken a week apart were not significantly different from each other. However, samples taken 2 wk or more apart showed significant differences in community composition. An implication of these data is as follows: samples taken on a single day accurately reflect the community composition for approximately 2 wk and day-to-day fluctuations in abundance do not significantly impede the detection of seasonal patterns. It is interesting that the temporal scale of detectable difference between unmanipulated communities is approximately the same as the elasticity of the community.
Die1 population movements also have the potential to affect pattern detection in epifaunal populations. Synchronous diel population movements have been observed for a numerous taxa inhabiting a wide variety of substrata. Reef associated zooplankton are commonly observed to move into the water column at night (e.g. Alldredge & King 1977 , McWilliams et al. 1981 , Jacoby & Greenwood 1988 and macrofauna associated with seagrass beds are predictably more abundant at night (Livingston 1976 , Greening & Livingston 1982 . Edgar (198313) found that populations of amphipods on Zonaria turneriana decreased at night, but that populations on Sargassum verruculosum did not change predictably over a 24 h period, while Fincham (1974) found that 80% of amphipods in a light trap were epifaunal species. Conversely Ledoyer (1969) and Montouchet (1979) found increased abundance of populations of epifauna at night due to immigration by benthic species. In the present work changes in most abundant taxa were not significant or predictable between day and night (Fig. 5) , nor did significant numbers of individuals emerge from the substrata on to S. fissifolium (Fig. 6 ) . The only exceptions to this general pattern were cumaceans and decapods. Decapods left both the S, fissifolium and the substratum at night, consequently their abundance may have been underestimated in the 6 and 12 h samples in Expt 1. However, if emergence was not density dependent then this would not have altered the relative difference between control and experiment plants. Overall it appears that diel changes in abundance were of similar magnitude and importance as day-to-day changes.
Patterns of recolonisation (Table 2) -and it is interesting to speculate on the processes underlying these patterns. Sphaeromatid isopods, caprellids arnphipods and decapods (mostly shrimps) colonised at much faster rates than other taxa. Are there any common features among these taxa which would provide an explanation for this? One obvious explanation would be a difference in locomotory abilities between the taxa. Although sphaerornatids, decapods and caprellids have well-developed swimming behaviours (Barnes 1980 , Krapp-Schickel 1993 , so do gammarids and polychaetes (Barnes 1980) which do not colonise as rapidly. Thus, it seems that locomotory differences were not completely responsible for the 2 types of colonisation patterns. An alternative hypothesis is that behaviour was different between the taxa with the rapidly colonising taxa having greater turnover rates among plants. 'Investigation' of new habitats (i.e. periodic imrnigration and emigration behaviour) could be more pronounced in sphaeromaiids, capreiiias and decapods, resulting in the faster location of unoccupied habitats. If epifauna actively searched for suitable habitats, different taxa may have used different cues for locating habitats. A defau~ate:! plan: initially may have iacked a specific cue for slow-colonising taxa, or produced a specific cue for fast-colonising taxa. It has been shown that sphaeromatid isopods exhibit aggregative settling behaviour (Holdich 1976 , Shuster 1992 ) and this may have been the reason for their rapid colonisation. Further experimentation will be needed to differentiate between these hypotheses.
